Lactococcus lactis strains were examined for their ability to produce y-aminobutyric acid (GABA). Results showed that strains of L. lactis subsp. lactis were able to produce this acid, whereas L. lactis subsp. cremoris were not. GABA production thus represents another effective characteristic for distinguishing L. lactis subsp. lactis from L. lactis subsp. cremoris.
This study has shown that L. lactis subsp. lactis strains are able to produce GABA. In addition to the ability to hydrolyse arginine, GABA production represents another characteristic that may be used for distinguishing L. lactis subsp. lactis from L. lactis subsp. cremoris.
Bacterial strains and growth conditions
The strains in Table 1 were isolated from commercial cheese starters (Nomura et al., 1998) . L . lactis subsp. lactis ATCC 19435T (T = type strain), L. lactis subsp. cremoris ATCC 19257T and L. lactis subsp. lactis biovar diacetylactis ATCC 1 3675T were obtained from the American Type Culture Collection, Manassas, VA, USA. The other strains in Table 3 were from laboratory collections. The bacteria were maintained in sterile litmus milk and subcultured once a week. Actively growing cultures were obtained by transferring 1 % inoculum to autoclaved reconstituted skimmed milk (8% milk solids) and incubating at 30 "C for 16 h. TYGG medium contained 0.5 % tryptone (Difco), 0.5 % yeast extract (Difco), 1 YO glucose and 10 mM L-monosodium glutamate (pH 7.0). Lactic acid bacteria were identified by a previously described method (Nomura et al., 1998) . Arginine hydrolysis was determined with API 20 Strep (bioMkrieux).
Determination of GABA production by lactic acid bacteria
Actively growing culture (1 ml) was transferred to 100 ml skim milk supplemented with L-monosodium glutamate (20 mM) and incubated at 30 "C for 4 d. A 5 ml portion of t h s culture was then mixed with 1 ml 30 Yo(w/v) trichloroacetic acid. for 20 min at 1800 g, the soluble fraction was analysed using a Hitachi L-8500 amino acid analyser.
GAD activity assay
Bacterial inoculum (1 ml) was transferred to 100 ml TYGG medium and incubated at 30 "C for 16 h. A culture sample (1 ml) was then transferred to 100 ml fresh TYGG medium and incubated at 30 "C for 14 h. Cells were harvested by centrifugation at 1800 g for 20 min at 4 "C, washed once with PBS (0.15 M NaCl, 10 mM sodium phosphate; pH 7.3), and suspended in 5 ml distilled water. The cell suspension was frozen at -50 "C and lyophilized. For the enzyme assay, the cell powder was suspended in 1 ml50 mM sodium acetate buffer (pH 4.7). GAD activity was assessed by a previously described method (Nomura et aZ., 1998) . The reaction mixture contained 1 ml 50 mM sodium acetate buffer (PH 4-7), 2 mM L-glutamate, 0.1 mM pyridoxal phosphate, and aliquots of the cell suspension. The reaction was carried out for 20 h at 30 "C. GABA production was measured with an amino acid analyser. One katal of GAD was defined as the amount of enzyme required to produce 1 mol GABA s-l at 30 "C and pH 4.7.
GABA production by bacteria from cheese starters
Of 37 strains of lactic acid bacteria isolated from cheese starters, 17 strains produced GABA (Table 1) . The isolates were classified based on selected physiological characteristics. Two groups that could not produce GABA were noted; they differed only in their capacity to hydrolyse aesculin (groups I and I1 in Table  2 ). These isolates were non-motile, catalase-negative, Gram-positive cocci that occurred in pairs or short chains. Characteristics such as production of L-lactate from glucose, carbohydrate fermentation patterns, the absence of ammonia production from arginine, and the absence of carbon dioxide and diacetyl production from citrate suggested that these bacteria were strains of L. Zactis subsp. cremoris (Table 2 ). All the GABAproducing strains were phenotypically identical and possessed the characteristics of L. lactis subsp. Zactis biovar diacetylactis, e.g. ammonia production from arginine, carbon dioxide and diacetyl formation from citrate, and fermentation of ribose and trehalose (group I11 in Table 2 ).
GABA production by L. lactis
Sixteen strains of L. lactis were examined for GABA production (Table 3) . GABA was generated in all cultures of L. Zactis subsp. Zactis and L. lactis subsp. Zactis biovar diacetylactis strains, but not in any cultures of strains of L. Zactis subsp. cremoris. GABA production appeared to occur concurrently with the ability of the strains to hydrolyse arginine. GAD activity was measured (Table 3) ; activity correlated with GABA production. GAD activity was present in all strains of L. Zactis subsp. Zactis and L. Zactis subsp. lactis biovar diacetylactis, but not in L. Zactis subsp. cremoris strains that failed to produce GABA. The lack of GABA production appears to be linked to the absence of GAD activity. GABA production is thus a novel and additional feature for distinguishing L. lactis subsp. Zactis from L. Zactis subsp. cremoris.
Distinguishing Lactococcus lactis subsp. cannot grow at 40 OC, in 4 % NaCl or at pH 9.2, and they cannot deiminate arginine. Crow & Thomas (1982) showed that the inability to produce ammonia from arginine is due to the absence of arginine deiminase activity. Agar media now exist (Reddy et al., 1969; Thomas, 1973; Turner et al., 1963) that can be used to differentiate L. lactis subsp. cremoris from L. lactis subsp. lactis based on the capacity to hydrolyse arginine. The data in Table 2 further show that the ability to ferment ribose and trehalose can also differentiate the two strains. L. lactis strains may be classed as two distinct phylogenetic groups by Southern hybridization (Godon et al., 1992) , and by analysis of 16s rRNA (Salama et al., 1991) and lactate dehydrogenase gene (Swindell et al., 1994) sequences. Recently, Lactobacillus hordniae, which is an aetiological agent of Pierce's disease of grapevines, has been transferred into Lactococcus lactis subsp. hordniae based on nucleic acid hybridization studies (Schleifer et al., 1985) . Growth of this bacterium is poor in milk, while strains of L. lactis subsp. lactis and L. lactis subsp. cremoris grow rapidly. As GAD activity of this organism has not been examined, it would be useful to know if this activity is also a feature of this subspecies.
The present study revealed that L. lactis subsp. lactis consistently produced GABA and that L . lactis subsp. cremoris did not. The lack of GABA production in L. lactis subsp. cremoris can be attributed to the absence of GAD activity (Table 3) . Reasons for the absence of GAD in L. lactis subsp. cremoris have not been determined. The data presented here show that GABA production is another useful criterion for differentiating L. lactis subsp. cremoris and L. lactis subsp. lac t is.
